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The nucleotide and amino acid sequences of rat preprocholecystokinin and porcine preprogastrin have been 
aligned and their secondary structures predicted. Both precursors are predicted to be largely in turn and 
helical configurations. The sequence homology and position of an intron which splits the preprohormones 
suggest their evolution from a common ancestral protein. 
Preprohormone structure 
1. INTRODUCTION 
Cholecystokinin (CCK) and gastrin (GSN) are 
polypeptide hormones that were originally isolated 
and characterized from the mammalian gastroin- 
testinal tract. GSN regulates gastric acid secretion 
and growth of cells of the stomach epithelium [l], 
while CCK causes gall bladder emptying and pan- 
creatic enzyme secretion [2]. CCK and GSN have 
also been detected in the central nervous system 
[3,4], and there is some evidence that CCK may 
have a satiety effect in some species [5]. 
CCK and GSN contain the same carboxyl ter- 
minal sequence, GWMDF-amide, but have se- 
quence variation beyond the common pentapep- 
tide [6]. The amino acid sequence of porcine and 
human preprogastrins have been deduced from the 
nucleotide sequence of a cDNA clones [7,8]. 
Recently, the sequence of rat preprocholecysto- 
kinin was reported [9] as well as a description of 
the corresponding rat gene [lo]. Here, the 
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nucleotide and amino acid sequences of the CCK 
and GSN preprohormones are aligned. Based on 
the sequence alignment and secondary structural 
predictions, the precursors to CCK and GSN are 
shown to be closely related. 
2. METHODS 
Searches for homologous nucleotide sequences 
in the two preprohormones involved comparisons 
of every possible span of length L bases from the 
first cDNA sequence with all possible stretches of 
length L in the second cDNA. At each oligobase 
match the total base difference was determined 
with only a consideration of the first and second 
base positions due to the degeneracy of the third 
base in amino acid coding. The length L was 
chosen as 30 bases (of which only 20 were com- 
pared) to allow for possible gaps yet maintain 
statistical significance. A plot of the observed base 
differences vs their frequency, generated from all 
the oligobase alignments, allowed the calculation 
of the mean base difference and standard deviation 
to test for significance. 
To examine a possible structural relationship 
between amino acid sequences where nucleotide 
homology proved statistically insignificant, 
various residue physical characteristics were used. 
They included the experimental hydration poten- 
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tial; the residue ‘surrounding’ hydrophobicity; the 
conformational preference parameters for a- 
helices, P-strands, and reverse turns; and the 
residue polarity. The parameters have been listed 
and discussed previously [1 11. The characters were 
selected as they represent he major forces thought 
to be required for protein folding [12]. 
Plots of the amino acid sequence number versus 
a given physical characteristic value for a par- 
ticular residue in the primary structure were 
calculated for various sequence fractions of the 
two preprohormones to test for possible gene 
duplication. The plots are ‘smoothed’ by determin- 
ing a least squares line for all successive 5-point 
groups, (i) to (i + 4), to calculate the (i + 2) point 
on the smoothed curve. The entire smoothing pro- 
cess was repeated for 3 cycles. Cross-correlation 
coefficients for a particular physical characteristic 
can then be determined between the smoothed 
plots. To ascertain the best phase relationship bet- 
ween the plots, correlations are calculated for 
various sequence registers (lag values) of the two 
curves. An additive combination of correlation-vs- 
lag curves for the 6 physical characteristics can 
yield a possible structural relationship between se- 
quence segments, especially if the maximum cor- 
relation sum is above a threshold value determined 
to be about 2.0 (i.e., an average correlation of 0.33 
for each of the physical characters). This method 
has been discussed in detail elsewhere [13,141. 
3. RESULTS AND DISCUSSION 
Searches for nucleotide homology in precursor 
GSN and CCK sequences were performed using a 
probe length of 30 bases of which only 20 were 
compared as the third codon bases were ignored. 
The integral mean base difference and standard 
deviation of the frequency distributions were 14 
and 2, respectively. It was possible to align the 
precursor to CCK and GSN base sequences (fig.1) 
using 65% of the observed oligobase matches with 
base differences at the 2a level or greater (i.e., a 
base difference of 10 or less). (A table listing the 
statistics for the alignment can be obtained from 
the authors upon request.) In the alignment of 
fig.1, 63% of the first and second bases in precur- 
sors to CCK and GSN are identical, a percentage 
well above the random value of 25%. Even if the 
obviously homologous hormone region at the car- 
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boxy1 termini is removed from these statistics, the 
identity in first and second bases is still 59%. 
Secondary structure predictions for the precur- 
sors to GSN and CCK were effected by plotting the 
helix, strand, and turn conformational preference 
parameters against sequence number. The curves 
were then subjected to 3 cycles of smoothing; the 
results are shown in fig.2. A smoothed preference 
greater than the normalized, neutral preference 
value of 1.0 would suggest a particular structural 
conformation. The two preprohormones are 
predicted to be largely in a twisted, turn configura- 
tion due to the extensive number of prolines and 
glycines; no strand predictions were observed. The 
major cleavage sites in the precursors to CCK and 
GSN are also shown and generally occur within 
predicted turn regions likely to be exposed at the 
prohormone surface. The possible sites include 
proteolysis on the C-terminal side of CCK residues 
45, 64, 70, 95 and 103 and of GSN residues 58 and 
75 (fig. 1). 
Correlation coefficients were calculated for 4 
physical characteristics between the two aligned se- 
quences. Cross-correlation values of 1.0, 0.0, and 
- 1.0 would, respectively, refer to perfect, ran- 
dom, and oppositely phased correlations. The cor- 
relations showed good structural correspondence 
in the two preprohormones with respective coeffi- 
cients for hydration potential, polarity, helical 
preference, and turn potential being 0.52, 0.56, 
0.48, and 0.57 (see [15] for parameter listings). 
These correlation coefficients compare favorably 
with values relating proteins whose 3-dimensional 
structures are known to be similar, but whose 
primary sequence homologies are not easily discer- 
nable. For example, NAD binding domains in 3 
different dehydrogenases (lactate, glyceralde- 
hyded-phosphate, and alcohol) [15] show mean 
correlation coefficients near 0.20 for all 3 pair-wise 
comparisons. The predicted structure of the two 
preprohormones are generally homologous except 
between CCK 84-95 and GSN 76-84 where CCK 
shows a predicted turn region while GSN is strong- 
ly helical (fig.2). 
In the alignment of the precursor sequences 
GSN and CCK, a long insertion of 11 residues in 
the CCK sequence (positions 60-70 between GSN 
residues 62 and 63) is observed (fig.1) and 
predicted to be in a helical conformation (fig.2). 
Characterization of the rat CCK gene has revealed 
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Gln Pro Val Val Pro Val Glu Ala Ala CCK M.; ;;B___ ___ 0 25 lo 0 I5 Aii[Met 
CAG CCG GTA GTC CCT GTA GM GCT GTG -- --- GAC CCT ATG 
TCT GAA GCT TCT TGG AAG CCT GGC TTC CAG CTG CM GAT GCG TCC TCA GGA CCA GGA 
GSN Ser Glu Ala Ser Trp Lye Pro Gly Phe Gln Leu Gln Asp Ala Ser Ser Gly Pro Gly 
20 25 30 35 
CCK Glu Gin Arg Ala Glu Glu Ala Pro Arg Arg Gln Leu Arg Ala Val Leu Arg Pro Asp 
GCC MCDGW &'&j---n= E ;; EQ--- ---~W$& 
GAG CAG CGG GCG GAG GAG GCG CCC CGA AGG CAG CTG AGG GCT GTG CTC CGA CCG GAC 
GSN Ala Am Ar Gly Lys Glu 
CCK Ser Glu Pro Arg Ala Arg Leu Gly Ala Leu Leu Ala Arg Tyr Ile Gln Gln Val Arg 
UCAC CIQ AGG CAGmCf ___ ___ ___ ___ _I ___ -lo ___ ___ -I AGC GAG CCC CGA GCG CGC CTG GGC GCA CTG CTA GCC CGA TAC ATC CAG CAG GTC CGC 
GSN Ser His His Ar Arg Gln Leu Gl Leu 
55 60 
75 
Ser Gly Arg Met Ser Val 
TCT GGC CCC ATG TCC GTT 
CCT CAC CTG GTG GCA GAC 
Pro His Leu Val Ala Asp 
CCK Ser Ris Arg Ile Ser Asp Arg Asp Tyr Met Gly Trp Met Asp Phe Gly Arg Arg Ser 
T~A~~G~G~_.,.:.~~---~ 
AGC CAC AGG ATA AGT GAC CGG GAC TAC ATG GGC TGG ATG GAT TTC GGC CGG CGC AGT 
GSN Trp Met Glu Glu Glu Glu Glu Ala Tyr Gly Trp Met Aep Phe Gly Arg Arg Ser 
95 
110 115 
CCK Ala Glu Asp Tyr Glu Tyr 
GCT GAG GAC TAC GM TAC --- 
7 
GCT GAG GAA GGA GAC CAG CGT 
GSN Ala Glu Glu Gly Asp Gln Arg 
100 
Fig.1. The nucleotide and amino acid sequence alignments of the rat tumor CCK [12] and porcine gut GSN [lo] 
preprohormones. Amino acid identities are boxed. The putative initiator methionine in each case is designated + 1. 
Deletions are indicated by (- - -). 
an intron which splits the gene within the codon 
for Ala-72 [lo]. This suggests that the evolutionary 
events resulting in GSN and CCK divergence uti- 
lized an intron-exon junction to alter the coding 
sequence of the gene. 
Boel et al. [lo] have suggested uplication in the 
nucleotide sequences of the precursors to human 
and porcine gastrins (GSN residues 29-54 with 
62-87). Given the intron insertion at CCK residue 
72 and the alignment of the precursors CCK in 
GSN in fig. 1, it would be expected that, if the gene 
duplication occurred, CCK residues 20-60 (signal 
peptide and lo-residue CCK insertion removed) 
and GSN residues 21-62 would display nucleotide 
and/or structural homology with the CCK segment 
73-115 and the corresponding GSN span 65-104. 
137 
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Fig.2. The smoothed conformational preference values 
are plotted vs residue position for CCK (A) and GSN 
(B). The letters ‘(Y’ and ‘7’ refer respectively to the helical 
and turn smoothed conformational preference values. A 
value of + 1.0-l .3 indicates a helical preference, and 
values - 1 .O to - 1.5 indicate a turn preference. There 
were no regions of p sheet predicted in either of the 
preprohormones. 
Boel et al. [8] have suggested that GSN residues 
29-54 (CCK residues 26-52) are homologous to 
GSN 62-87 (CCK 60-97). Nucleotide searches, us- 
ing a probe length of 21 bases, among the various 
N- and C-terminal segments uggested by the gene 
duplication model yielded no statistically signifi- 
cant homology. Plots of 6 physical characteristics 
were calculated and smoothed by 3 cycles for the 
CCK and GSN N- and C-terminal segments. Com- 
bined characteristic orrelation values were deter- 
mined over a lag range of - 15 to + 15 for all 
possible comparisons of the CCK and GSN N- 
terminal spans with the C-terminal segments 
(CCK-N with CCK-C, CCK-N with GSN-C, GSN- 
N with CCK-C, and GSN-N with GSN-C). Using 
the Boel et al. [8] spans, all the correlation maxima 
were much less than 2.0, the minimum value for 
statistical significance [ 151. Furthermore, the 
average correlation coefficient over 4 residue 
characteristics (helical and turn preferences, 
hydration potential and residue polarity) for the 4 
possible GSN and CCK N- and C-terminal segment 
comparisons was - 0.05. 
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